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Results are reported based on a study of 3114 7~~p 

events at 205 GeV/c in the MAL 30" bubble chamber. 

The measured r p total and elastic cross sections 

are 24.OkO.5 and 3.OkO.3 mb respectively. The 

elastic differential cross section has a slope 

of 3.0ir0.7 GeV-' for 0.03 5 - t 5 0.15 GeV'. The 

average charged particle multiplicity for the 

inelastic ever&s is 8.0210.12. 

This paper presents measurements of the total cross section, 

elastic cross section, and charged particle multiplicity distrib- 

ut-i.on for 205 GeV/c n-p interactions in the NAL 30" hydrogen 

bubble chamber. Both the total and elastic cross sections are 

round to be consistent with .thosc observed in ~the 40-60 GeV/c 
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rar!gC. 1 I 2 'i/he multi.plicity dis~iribu.tion is similar to that oh- 

' i;::i-v2cl in 205 GcV/c pp interactions , but t!lc average .~T-J-) mul.ti-- 

i~l~icity is somcvrhat higher. 

1:" iill\ . An unseparated 205 GeV/c neqativc particle beam was produced 

b,\' tarqeti~llg 303 &?v/c protons fUx!l the? r,m1. syncllrotron and was 

transported 1.0 km to the bubble chamber. The beam at the bubble 

chamber had a momentum spread of 10.1% and angular diverqcnce of 

kO.25 mrad, a muon contamination of 2.2iO.32 determined by an 

a'bsorp~tion measurement, and K- and g proportions of 1.4iO.2", and 

0.16iO.l%, respectively, ob-tained from differential gas Cerenkov 

counter measurements. 

Scanning and Measurement. 'The film was scanned in ~thrce views 

with approximately lifesize projection. The accepted events ware 

restricted to a fiducial volume of length 39.3i0.2 cm in the beam 

directi.on with an entrance plane 12 cm downstream of the bubble 

ch;lmber w.illdor~. A to~tal of 7,700 photographs in which more than 

15 tracks crossed the fiducial volume entrance were not used in 

tlii~i; analys,is. In the remaining 14,265 frames the recorded i~nfo-:- 

ii~i! tion included: the number of henm tracks (.tracl;s having a 

diverqcncc >;.2.O mrad from n0mina.l) cntcrinq thf fi.ducial volume; 

thi, numhi?i: of prongs and distance from the primary vcr.tes for aI.1 

s~?coilclary interactions ; vces from neutr31. pJrtic3.e decays or gamma 

cc~~~vc~rsi.ons al~il t!ieir distances from the i~r:Lmalry interaction; and 

ii ilc! ciecayr; . The film ~:as scanned in this manner once by physicists 

F!ilii indopenden~tly a second time by professional scanners _ Discrep- 

~IIC:/., :s -;:e.t:c rcsolvcd on a scan tabie providing 3 . 5x1.i:Ees.ize iwages. 
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! : "C ii I: s I"CZC mcasuc~?cl on film plan.~ digit.i.zers ancl processed 

! :~)I i;~c: s i:;;ndaril~ iccons true tie:) and fi-tti.ng programs 1'VG.e a~nd SQrJr.::;. 

I:~j/:,.; i:i.c 2nd Total Cross Szctions . In the de~tcrninn.ti.on of the --- 

i~i-ic~i~ili:i~t pi.011 f1.ux, the fO:L.~o?ii,ll:J pOk.sWkia~. solirc~es of systematic 

C'r Lo>.- >,s!re considered: (1) beam track scannirq efficiency 

(!J!J I;?O. 52) ; (2) radon contamination at the bubble chamber 

(a.aiO.3s); (3) I<-- and jj contamination, lfad.ing -to a negligible 

net. czoss section correction (o.o:ko.ac); (4) contamination from 

forward secondaries of upstream interactions (O.O+O.G%); (5) elec- 

troir cnntamina~tion ( ( 0.5%) _ The ~total pion beam path length after 

al:L r:o.rrect:i.ons, was (3.5GkO.04) X 10G cm. 

From measuremcn~t of ranges of muons from TI + decays a.t rest, 

the h;[drogcn dcnsi~ty was determined -to be O.OG27kO.0005 gm/cm3. 

The scanning efficiency for events having four or more prongs 

\>l<clli-: 9 !I . 9 s, af~ter the double scan. The scanning efficiency for tvlo- 

1pronrj evell~ts , c?:<ccpt for .thosc with recoil pro~tons less than 2 cm 

hrl'] , b,'<,S 5, 9 . 5 '5 . 

Zlastic events, v:ilich const.i~tllte a'bout 2/3 01 the .trqo-prong 

r:,:~!~;>li:, vc're identified by kinematic fitting. 3 study of -trans- 

\'i:r:s" r!?!olni~i?tnm i)alancc ~ik~Cc;ltcd that khc successful. fits con- 

1:; r:>::i! rT 5 % contcx!in;i;icn fro;% inel.;is tic everl+~:j for which a 

col-;~~c-tion! was made in dc?.tcrnj.ning cross scc';j.oils. The elastic 

r;!i:!Cc:rcniiaI cross sccii~oil ins shown in Pig. la. !i'he slope para- 

1!1;! k<t r k , tletcrmineti from fitting do/dt to tile form .qeb't for 

0 . 0 : .: 
1 

- t i 0.G GEV~.-, is 9.0!:0.'7 GeV-?-. nrter a 12: correction5 

tto ii!.:: L:iO-l.‘;Oilrg SXllpl.2 tO til:re F~lCc:OLlnt Of :;;Istcr5lr:~t:ic sczannillcj 
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1~0~5 at l.mr t for both cla.stic and tvo-prong illis1~si;tj.c events, 

/~I iCir:d to~tal a~nc! clC2stic cross .-,cctiorls 0.f 2J.OiO.5 and 3.OcO.3 

>. It siiould lx: no.ted from Pig _ la that the el;?s-tic dif Ecrcnt,iC,.l 

::rosi; se&ion, C!XtYC~~Ol~ltfd 't0 t = 0 \:'i.kh cOnSta;lt slop- 11, is 

cons.istcil~t with ~l:lic optical point calculated from our measured 

tota:~ cross section. 

F'igu.rcs lb and lc show the momentum dependence of the t&al 

and elastic n p cross sections. The cross sections are the same, 

within the errors, at Serpukhov energies (40-60 GeV/c) and 205 

C!V/C. 

Charged-Particle Piultiplicity. The first two columns of Table I 

giuc the raiw charged-particle multiplicity data found in the scan- 

ning process _ To obtain an unbiased multiplicity distribu,tion, 

Izhe:;:: data were corrected for the following effects. 

(i) Secondary interac.tions may occur close to the primary 

vcrtcx and llencc be uhrcsolved from the primary interaction. This 

<:ffoct is the pri.nlary cause of ~thc odd-prong populations for the 

,^i?T.I <!;iI;l rJ:iven i~li Table :r. (The wthcr source is events with 

unsil::i~ proton:: _ We expected five such diffractive events and 

.TOUi?il tl-xi-c not c0un.tir.g OiIe-prongs. ) To correct for ihe remaiinj.ng 

~, o~,ii--~~"""g cvc!r1trs a complr~ison was made bet~.~Joen the scanned prong 

tii:; t.rill,ut.ion from secondary in,tercact.ions I.ess t!lan 40 mm from the 

pr~.ixry i.nteractio:l and tilat from secondaries beyond 40 mm where 

l ii ;,,T ; ; ,r :: i:\ i P r 0 ~1 d-I-I_ . This resulted in the assiqnm3nt of a pri.maq 

m~lii~i~~li.city of five .lcr;s than the scanned num'ber of prongs for 

oi!cl-~~"or,r; evi?nts. 'I'll i s co;l:parison also Fndicz.t?il tixrt a greater 

nl:l.:i>:'~l- of cl.osc seconclar.ies r:erc r:iis:;cd ttmn acco~ln~~c~d .ror by 
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c>ila-prong c:vcnts , ji,d thil't thc?S~ S?COndaIZiC!S WiiTC? tWO-r"OnCJ <y-\Tents 

i:ith a sio;+ pro,ton w:?ich was also missed. tiencc, no coTTec tion 

iIo;- these j.:; required 

(ii) Electron pa& and vee decays close to the primary ~_h 

~~e.ctex can also contribute to the observed pronc~ multiplicities. 

.&gain the number of these was deternined from a study of the dis- 

tribution of scanned pairs and vces as a function of associated 

event multiplicity and as a function of distance between the 

primary interaction and the scanned pair or vee. 

(iii) Dalitz decays, which are included in the prong counts 

of the raw multiplicity d&a, were s~katistically removed on the 

basis of our observations of resolved electron pairs. 

The third and ?ourth columns of Table I give the corrected 

multiplicity distributions, errors, and corresponding cross 

sections. 

Some momen~ts of the multiplicity distribution are defined and 

arc given Ian Table II for this experimen-t and for 205 GeV/c pp.' !rhc 

I:!oI;,cIl ts for pi-p and pp interactions are similar; however <n ch > and 

n ch (n cll-l): for n-p are greater than ths corresponding pp values 

xt 205 CeV/i: and also at lower energies.' For .tl?e same Q (centcr- 

of-mass encrqy minus incident particle masses) this difference is 

r;r:1aller hut still nonzero. For x-p both a.t Serpul~hov energies'O and 

at 205 GcV/c, <nch>/D is nearly two. The data expressed in any- 

ant: of the usual variables <II ch >, <II- ch > (number of negxtixres) , 

c"C:!l -1>/2 and <rich-2>/2 do not fi.t a Poisson distribution. 
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Table 1. Topological. Cross Sections i,n 205 GeV/c :;-p 

Interactions 
-- - 

NUtier 
of Prongs 

0 

1 
2 Total 

Elastic 
Inelastic 

3 
4 
5 
G 
7 
8 
9 

:: 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Total 

Events 
Found 

1 

0 
562 

0 
443 

2 
486 

3 
530 

2 
449 

8 
293 

3 
175 

4 
76 

5 
42 

4 
15 

0 
7 
2 
2 

3114 

Corrected Cross Section 
i<umSera (mb)b ~ 

1 f3 
-0.5 

oo7-t-o.o22 
-0.004 

639i2E 4.79io.22 
403+37 3.03io.3 
236"41 1.76-r .30 

460+23 3.4520.18 

50Gf24 3.79kO.18 

540+25 4.05?0.19 

454i23 3.41?0.18 

291219 2.18"0.14 

173+15 1.30+0.11 

69?10 0.52:kO.O7 

42+ 8 0.31r?O.O6 

13+ 5 o.lo+o.o4 

5-r 3 0.04~0.02 

2+ 2 0.015~~0.015 

3195i57 23.96kO.51 

'Total error is the statistical error com?Jined with the 

error on the corrections. 
b The cross section errors also include errors due to the 

determination of the total pion path length and the 
hydrogen density. 
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'Tahlc II. Some iomcntz: of the T.:ultiplic.i~ty 

Distributio:1. f2 = <n(r)-l)>--<n>2, 11 =;I i~~'b <T 
_~~-____-_._- - ---z=zZ 

Parameters -- 205 CeV/c T-P AL 205 GeV/crsp' 

<n> 8.02'0.12 7.G8k -11 

<n (n--l)> 71.6 t1.8 66.6 il.4 

f2 7.24kO.61 7.66kO.49 

<n> 
D 2.05iO.05 1.962 .05 
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FIGURE CAPTIONS 

Figure 1 (a) ~-p differential elastic scattering cross section at 

205 GeV/c. ~11c curve shown is a fit of do/dt to the form Aebt for 

0.03 < - t < 0.6 GeV2. There are no data below 0.01 GeV' because 

of unseen protons. For 0.01 < - t 2 0.03 GeV' the dashed point is 

the observed number of events and the solid point is corrected for 

loss of steeply dipping protons using the observed distribution of 
1 

the proton azimuth 'around the beam direction. b) - ?I p total cross 

section Otot as a function of beam momentum. (c) IT-~ elastic 

scattering cross section 0 
el 

as a function of beam momentum. For ,: 

(b) and (c) the data are from reference 6 .(x), reference 1 (+), 

reference 7 (O), reference 2 (A), and this experiment (r). 
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